For over half a century, the multitudinous mirror eyes of the lowly scallop have continuously amazed us with their visual eccentricities. The latest surprise is the mirror itself, which turns out to be an extraordinary optical wonder.
In nature, eyes have evolved only three solutions for forming images on the lightsensitive retina. One of these is extremely common and widespread: the use of lenses. The other two solutions, in contrast, are incredibly rare. Our own eyes are an excellent example of the common solution. Like the eyes of all vertebrates (and almost all invertebrates), our eyes employ lenses to focus a sharp bright image of the outside world onto the retina, thereby initiating the physiological processes that allow us to see. But in some odd corners of the animal kingdom, the two rarer solutions also arose. One of these can be found in the beautiful and ancient deep-sea cephalopods of the genus Nautilus -lacking a lens, each eye forms a dim and blurry image through its small round pupil, much like in a pinhole camera [1] . The other solution, found in some deep-sea fish [2] , a few groups of crustaceans [3] and most famously in the eyes of the scallop Pecten [4] , involves the use of mirrors. In scallops, the remarkable eyes of which have been a continuous source of surprise for decades, this mirror is concave and focuses an image onto an overlying retina by reflection [4] . Even though the basic optical properties of the mirror have been more or less understood for half a century [4] , a new study by Palmer et al. [5] has revealed subtleties in its design which indicate that scallops may have a much more sophisticated view of the world than we previously thought.
Even though scallops are best known to most people as a restaurant delicacy, for vision scientists it is the eyes that are their main claim to fame. In the scallop Pecten ( Figure 1A Figure 1B) . Each eye contains a weak jelly-like external lens and a concave mirror, the 'argentea', which is hemispherical in shape and lines the back of the eye (Figure 2 ). Between the lens and the mirror lies the retina, suspended a short distance above the mirror. This retina in turn is divided into two layers -a distal layer lying closer to the lens, and a proximal layer lying closer to the mirror. Incredibly, the light-sensitive portions of the photoreceptors in each of these two layers are of two fundamentally different types [6] [7] [8] . Those of the distal layer resemble those found in vertebrates, being constructed of cilia and hyperpolarising in response to light; those of the proximal layer are instead constructed of microvilli and depolarise in response to light, characteristics typical of invertebrate photoreceptors.
The imaging properties of scallop eyes were first described in a series of very elegant studies by Michael Land in the mid 1960s [4, 9, 10] . Land showed that, in a Pecten eye, incoming light is weakly refracted by the jelly-like lens and passes unfocused through the retina to strike the mirror ( Figure 2 
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Dispatches back towards the retina, there focusing an inverted and minified image of the outside world. For a perfectly hemispherical mirror and parallel incoming light rays, the focal point would lie halfway between the spherical surface of the mirror and the mirror's centre of curvature. The incoming rays are not parallel, however, but rather weakly focused by the lens, and consequently the focal point for distant objects is slightly closer to the mirror than this halfway point. Not surprisingly, this is also the location of the retina, or more specifically, the distal retina -it is here that a focused image is formed, but only after the light first passes unfocused through the proximal retina. Curiously though, the distal layer image is only achieved after reflection: before striking the mirror, incoming light rays first pass through the retina unfocused. Because the photoreceptors cannot distinguish the focused from the unfocused light, visual contrast in both layers of the retina will be somewhat degraded. Nonetheless, the distal photoreceptors are capable of reacting to moving dark targets as small as 2 in size [11] , and modelling of closely related species suggests that even the proximal photoreceptors might be capable of resolving targets as small as 7 [12] . Together with his colleague Vernon Barber, Land [7, 9, 10, 13] also discovered that the mirror itself was made of a mosaic of tiny flattened square crystals of very high refractive-index guanine, with around 30 such mosaics arranged one above the other in layers, each layer alternating with a thin cytoplasmic space of much lower refractive index. They realised that this arrangement of alternating high and low refractive index layers was reminiscent of a modern interference reflection filter -in affect a spectrally tuned mirror -where, if each layer has a thickness of ¼l, the mirror becomes maximally reflective to light of wavelength l, a property that arises from the constructive interference of the reflected light rays [9, 10] . Land and Barber determined that for the concave mirror of Pecten, l is around 530 nm, thus revealing maximal reflection in the green part of the spectrum. This interesting property -also corroborated by Palmer et al. [5] using modern Monte Carlo simulations -makes a lot of sense if one considers the light environment of the scallop. Typically living in greenish coastal waters, a few tens of metres below the surface, scallops experience predominantly blue-green filtered light, and their concave mirrors ensure that it is collected with maximal intensity. Not surprisingly, their photoreceptors are primarily sensitive to the same wavelengths [14, 15] .
Palmer et al. [5] have revisited the scallop eye with the latest histological and optical methods to reveal new subtleties in its optical design that were not possible to detect with the histological techniques available to Land and Barber half a century ago. Using cryogenic scanning electron microscopy (cryo-SEM) and X-ray micro-computed tomography (micro-CT), the authors studied the fine structure of the eye and particularly of the mirror. They confirmed Land and Barber's description of the mirror's structure, but now with a brilliant clarity, the cryo-SEM images revealing the perfectly square guanine crystals and their arrangement as layered mosaics (Figures 1C,D) .
Another unexpected finding was that micro-CT images showed that the mirror seemed to be slightly flattened in its central region, and that its optical axis was marginally misaligned with that of the lens (by about 7
). Using ray-tracing simulations, Palmer et al. [5] found that, as a result of these features, the mirror has a variable focal length. Light rays entering the eye more or less frontally (with incident angles between 0 and 20 ) were focused where expected: in the distal retina. But in ray tracing simulations, as light rays entered the eye more and more Dispatches laterally -that is, as the angle of incidence was increased -the focal plane gradually moved into the proximal retina. These results suggest that, in the scallop eye, the distal retina may be responsible for sharp central frontal vision, while the proximal retina may instead be responsible for sharp peripheral vision. In other words, the upper and lower layers of the retina may be specialised for discriminating different parts of the visual field. This surprising result suggests a pivotal role for the proximal retina that has had, until now, rather speculative functions. Palmer et al. [5] suggest that, because the optic nerves of nearly all of the 200 eyes project to the same brain centre (the lateral lobes of the parieto-visceral ganglion, the site of visual processing), this brain region might combine visual information from each of the eyes in a way that improves acuity across the whole visual field.
Whether this is the case of course remains to be seen. But what remains undisputed is that with their spectrallytuned concave mirror of tiny guanine crystals and their double-layered retina containing both ciliary and rhabdomeric photoreceptors, the eye of the scallop is one of nature's most extraordinary -and curious -optical inventions.
When visual information about an object's distance is obscured, but its retinal size visible, the object's physical size is ambiguous to vision; however, additional proprioceptive distance information permits physical size to be estimated when grasping the object, but perceptual size estimates remain inaccurate, adding to that evidence for distinct visual pathways for perception and action.
Is visual information that is used to guide action towards an object processed in a different way from visual information that gives rise to conscious experience of the identity of objects in the world? The influential two-visual-systems hypothesis of Milner and Goodale [1] suggests that this is the case. This hypothesis is based to a great extent on evidence from experiments with animals and work with neuropsychological patients having damage in one of two distinct pathways that project forward from the primary visual cortex into the parietal or temporal lobes. A number of studies have tested for functional dissociations consistent with the two-visual-systems hypothesis in neurotypical observers using a variety of tasks based on visual illusions. In these studies, stimuli that were subject to perceptual size illusions were, nevertheless, grasped nearly veridically. These studies have, however, been the subject of ongoing controversy about the
